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ABSTRACT 
Determining the recharge area of ground water can greatly enhance our understanding 
and management of land use, especially in mountainous urban areas such as Kathmandu. 
Analyzing the stable isotopic composition of precipitation, unconfined aquifers, and deep 
aquifers, two specific recharge areas were noticed, contrary to previous research indicating only 
one recharge area. The other focus of the study was to see the effect of elevation on the stable 
isotopes of precipitation. Precipitation samples were collected in nine different elevations around 
the Kathmandu basin. A multiple regression model showed that delta values in precipitation were 
correlated with elevation, latitude and time of year (R
2
 = 0.41).  
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1 
1 INTRODUCTION AND BACKGROUND 
 Groundwater is the main source or supply of drinking water for the densely populated 
Kathmandu Valley region of Nepal. Oxygen and hydrogen isotopes of water are widely used as 
tracers to understand hydrological processes such as precipitation, groundwater recharge, and 
groundwater/surface water interaction. The changes of the isotopic composition of water within 
the water cycle offer a  recognizable signature, relating water phases in different parts of the 
water cycle (Gat, 1996). Comparing the oxygen and hydrogen isotopic composition proves an 
excellent tool for finding the isotopic signature of precipitation and correlating it to a specific 
area.  Determining the source of groundwater is essential for effective management of 
groundwater recharge. 
 The isotopic pattern of precipitation and surface water is highly correlated to the changes 
in elevation, latitude, and longitude  (Poage and Chamberlain, 2001).These patterns are created 
by the process of Rayleigh distillation, also known as the rainout effect (Dansgaard, 1964). 
During this process, heavy isotopes accumulate preferentially in water droplets, and fall as 
precipitation, leaving the remaining water vapor more depleted in heavy isotopes. As air masses 
move inland, the changes in precipitation isotope composition results in a distinct spatial pattern 
at the continental scale that emerges due to lower temperatures that vapor masses must reach to 
condense. In the mountains surrounding  Kathmandu Valley, air masses tend to rise, cool, and 
precipitate water, as they reach higher elevation. The change in elevation strongly affects the 
local patterns of stable isotopes in precipitation (e.g., over 10s of kilometers). The general form 
of the Rayleigh distillation equation states that the ratio of heavy to light nuclides of a particular 
element (R)—for example, 2H:1H—in a diminishing reserve of the reactant (in this case water) is 
2 
a function of its initial isotopic ratio (Ro), the remaining fraction of that reservoir (f), and the 
temperature-dependent, equilibrium-fractionation factor for the reaction.  
R = Ro f 
α-1      
Temperature and 𝛿18O strongly correlate in precipitation, during the process of 
evaporation of water vapor from a water surface isotopically lighter water molecule will 
evaporate preferentially and leave behind an isotopically enriched waterbody. Vice versa, when 
atmospheric water vapor condensates into droplets, the heavier water molecules will form the 
liquid phase, leading to enriched precipitation, and leaving behind an isotopically depleted vapor 
phase.  When air masses are orographically uplifted they cool and precipitate preferentially the 
heavier isotopes causing a rainout effect, thus the precipitation becomes increasingly depleted in 
18
 O and 
2
H(Clark and Fritz, 1997). All 𝛿18O and 𝛿2H values were expressed relative to Vienna-
Standard Mean Ocean Water (V-SMOW) in parts per thousand (%o) 
𝛿18O or 𝛿2H = 
𝑅𝑠𝑎𝑚𝑝𝑙𝑒
𝑅𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑
− 1 
Where R is the ratio of deuterium to hydrogen atoms or 
18
O to 
16
O atoms of the sample and the 
standard V-SMOW(Rozanski et al., 1993). 
Weather is an open system where there is a continuous exchange between precipitation 
and the air; as such, when there is a movement of vapor mass, it acquires new sources of vapor 
as it moves, which can mask evolutionary trends in the evolving mass (Clark and Fritz, 1997).  
This study examines the effect of elevation on the isotopic composition of precipitation 
within the Kathmandu Valley and surrounding mountains. The elevations range from 1300 m in 
the center of the valley to 2000 m in the surrounding mountains, with a maximum elevation of  
2760 m in the south (Pathak et al., 2009). In regions with minor topographic relief, orographic 
precipitation will occur as a vapor mass rises over the landscape and cools adiabatically (by 
3 
expansion). At higher elevations where the average temperature is lower, precipitation will be 
isotopically depleted (Darling et al., 2003). For 
18
O, the depletion varies between -0.15 and -0.5 
per 100-m rise in elevation with a corresponding decrease of about -1 to -4 % for 
2
H (Poage and 
Chamberlain, 2001).  The elevation effect on stable-isotope ratios in precipitation is useful in 
hydrogeological studies, as it offers a means by which the elevation-source of water that 
recharges aquifers may be distinguished. The effect has been observed in watersheds with 
elevation contrast of less than a few hundred meters provided sufficient data are collected to 
resolve seasonal effects (Clark and Fritz, 1997). In a region with a single dominant moisture 
source, the isotopic value of  
18
O and 
2
H in precipitation on the leeward side of the mountain 
range is more depleted than on the windward side (Poage and Chamberlain, 2001). The isotopic 
composition of precipitation has an inverse relationship with elevation, when elevation increases 
the isotopic composition decreases which are true in most regions of the world except in the 
Himalayas, and at elevations > 5000 m  (Poage and Chamberlain, 2001). As a part of the 
Himalayan Range, this research in Kathmandu Valley may provide new insights into the validity 
of this isotopic theory. 
Stable isotopes of water (δ2H and 𝛿18O) are critical markers of hydrological  patterns 
(West et al., 2006; Weyhenmeyer et al., 2002). For example, (Harrington et al., 2002)  used this 
approach to study the spatial and temporal variability of groundwater. Katz et al. (1997) also 
used the distinct differences between the isotopic and chemical composition of groundwater and 
surface water as a means of quantifying their interactions. Variations in the stable isotopic 
compositions of spring water in Greece were used by Payne et al. (1978) to define the area of 
recharge to the Kalamos springs and to identify the recharge elevation. The effect of elevation on 
the isotopic composition of precipitation, assuming stable climatic condition was used by 
4 
Weyhenmeyer et al. (2002) to identify predominant the recharge area and ground water flow 
paths as well as to evaluate the mixing ratio of ground water components at different elevation 
on eastern Batinah coastal plain in Sultanate of Oman. A study conducted by Brooke et al. 
(2012) has also compared stable isotopic compositions of precipitation to the isotopic 
composition of river water within the Willamette River basin to determine the source of spring 
water in the river. Isotopic studies of water are used to trace the water cycle, determine the 
source of groundwater and surface water and identify their recharge areas (Brooks et al., 2012),  
identify groundwater mixing and flow paths (Idowu, 2007) and understand surface and 
groundwater interrelationships (Malla et al., 2015). However, the use of stable isotopes (δ2H and 
δ18O) has not been specifically undertaken to understand the interrelationship between 
precipitation and the deep aquifer in Kathmandu Valley.  
5 
1.1 STUDY AREA  
 
Figure 1: Kathmandu Valley Location Map. The Kathmandu Valley incorporates three 
district Kathmandu, Bhaktapur and Lalitpur. Source: Google Earth 
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1.1.1 Kathmandu Valley’s Geology and Geomorphology 
Kathmandu Valley (Figure 1) is located between Mahabharata Lekh to the south and 
Shivpuri Lekh to the north (Figure 2) (Sakai et al., 2002) and is a piggyback basin (Lamichhane, 
2014). The valley is an intermountain basin stretching 30 km from east to west and 25 km from 
north to south (Lamichhane, 2014), and has a circular shape as shown in Figure 3. The average 
elevation of Kathmandu Valley is 1350 meters above sea level, and the mountains surrounding 
the valley have maximal elevation of approximately 2800 m above the mean sea level.  The 
whole-watershed area of the basin, including valley and surrounding mountains, is 
approximately 665 km
2
 (Pandey et al., 2010).  The average annual rainfall in the valley is 1.3 
meters, and 80 % of it falls between June and September (Pandey et al., 2010). Kathmandu basin 
is located in the center of a large syncline in the lesser Himalaya (Schelling, 1992) and the basin 
lies on the rocks of the Kathmandu Complex (Stöcklin, 1980).  The basin is filled by more than 
500-m thick quaternary sediments in the central part (Chapagain et al., 2010), and the basement 
rock i.e. Kathmandu Complex is comprised of Chandragiri Limestone of the Phulchowki Group 
(Karto et al., 1998; Stöcklin, 1980). 
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Figure 2: Geological section of Kathmandu Valley from (Lamichhane, 2014; Sakai et al., 
2002) 
1.1.2 Aquifer Setting  
The groundwater system in the Kathmandu Valley is considered closed and isolated 
groundwater with some interaction between the shallow and deep aquifers. These aquifers are 
confined, semi-confined, and unconfined aquifers (Gautam and N Prajapati, 2014; Jha et al., 
1995). In general, the aquifers in the Kathmandu Valley can be divided into a shallow and deep 
system that provides potable drinking water to this densely populated area. The upper aquifer is 
composed of Quaternary arkose, sand, with some discontinuous, interbedded silt and clay of the 
Patan and Thimi Formations (Yoshida and Igarashi, 1984), thus at the greater depth, they 
become confined due to the presence of extensive clay layers. The shallow confined aquifers 
occur at a depth below 10 m, while the deep confined aquifers occur at around 310-370 m depth 
below land surface (Khadka, 1993). The aquifer is considered an isolated, confined aquifer as it 
is separated by basement rock and not interconnected with any other aquifer (Gautam & Rao, 
1991). 
8 
The surficial sediment that composes the upper aquifer is underlain by an aquitard of 
interbedded black clay and lignite that reaches up to 200 m in thickness in the western valley 
(Figure 4) (Warner et al., 2008). An upper, unconfined aquifer is up to 20 m thick in places, and 
standing water levels are between 1 and 20 m, increasing towards the southwest (Sharma 1981). 
The Paleocene sand and gravel aquifer with interbedded clay lies beneath the clay aquitard and 
constitutes the deep confined aquifer (Jha et al., 1995). 
 Kathmandu Valley groundwater occurrence is divided into three groundwater 
districts (Figure 3), the North, Central, and Southern groundwater district (Madhukar Upadhya, 
2005) based on the physical and chemical properties of groundwater and geological setting 
(Figure 3). 
 
Figure 3: Map showing three groundwater districts of Kathmandu Valley. Source: GRDB 
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As noted by Jha (1997) and Cresswell (2001), the recharge of deep aquifer occurs in the 
northeast part of Kathmandu valley where the thick confining unit of clay is not present, as 
illustrated in Figure 4.  
 
Figure 4: Cross section through the Kathmandu Valley, from (Jha et al., 1995) and 
(Cresswell et al., 2001) 
 
1.1.3  Regional Wind/Precipitation Patterns   
The Rainfall in Kathmandu basin and Nepal as a whole is dominated by the monsoon 
circulation system, which is mainly from June to September and during this time the Kathmandu 
basin receives 80% of its rainfall (Madan Sigdel 2012; Shrestha, 2000). There are two more 
variables that are very much important for this region, and these variables are moisture source 
and transport history which strongly affect the δ18O and δ2H values in precipitation (Araguás‐
Araguás et al., 1998). 
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The rainfall in Kathmandu basin is mainly caused by the Indian summer monsoon, which 
is a result of seasonal changing sea breeze circulation in the summer season and is caused by 
heating of the Tibetan Plateau and retraction of the meridional gradients of temperature and 
pressure (Pokharel and Hallett, 2015). There is an active (rainfall) and break (no rainfall ) period 
as the monsoon has strong intra-seasonal variation (Rajeevan et al., 2010). Two different wind 
patterns cause the precipitation in Kathmandu Basin: the Indian Monsoon and the Westerly 
Disturbance. The Indian Monsoon progresses from the Bay of Bengal to the northwest and is the 
meteoric system that mostly causes rainfall in Kathmandu basin (Joseph et al., 1994). The 
Westerly Disturbance forms over the southeast Arabian Sea, and at times, may also yield storm 
systems that deliver precipitation to the Kathmandu Valley (Ueno et al., 2008). There has been 
an instance when the warm and moist air from southern latitudes was succeeded by cold and dry 
air from northern latitude (Mooley, 1957), that provided an occasional westerly disturbance 
during summertime with the intensification of Indian Monsoon (Mooley, 1957). Figure 5 shows 
the onset of the Indian Monsoon and the wind movement in this region. 
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Figure 5: Wind movement during the onset of Indian Summer monsoon. Source: Wind 
pattern from Indian Meteorological Department Map 2012. 
12 
1.2 PURPOSE OF THE STUDY 
The current study addresses the following research questions: a) what is the influence of 
elevation on the isotopic signature of precipitation in the study area; b) what are the source(s) of 
recharge to the deep confined aquifer system, and c) does the current model of subsurface 
geology adequately provide the hydrogeologic framework for the aquifer systems. 
 
Methods have been employed to (i) quantify the influence of elevation on stable isotopic 
values of δ2H and 𝛿18O in meteoric water and groundwater of Kathmandu valley. (ii) utilize the 
in δ2H and 𝛿18O values to determine the recharge areas of the deep aquifer within the basin. (iii) 
critically evaluate existing model of subsurface geology of Kathmandu Valley. 
  
13 
2 METHODOLOGY 
2.1 Site Selection 
  To evaluate the spatial and elevation differences in the pattern of water isotopes in 
precipitation nine sites were selected that were located on the hills that surround the valley from 
various elevations. The sampling site elevations range from 1,308.56 meters to 2,145.48 meters 
and are provided in Table 1, and the locations are shown in Figure 6.  Samples of precipitation, 
surface water, unconfined aquifer, and deep aquifer were collected at the respective locations 
provided in Figure 6. 
 
14 
 
 
Figure 6: Sample collection location in Kathmandu valley. 
The surface water samples were collected from the streams that are in close proximity to 
the precipitation sample collection point. Two additional locations were added for surface water 
15 
(n = 11) that are located in the valley; these locations were added to better understand the 
isotopic composition of surface water in areas located far from the precipitation collection sites. 
A total of 18 sample collection sites were chosen to collect the samples from the unconfined 
aquifer. These sites were located around, and in the center of the valley and the sample, depths 
range from 6 to 16 meters.  
Table 1: Sample location of R = Precipitation, SW= Surface water, UC= Unconfined 
Aquifer  
Location Sample 
Type 
Elevation 
(Meters) 
Longitude Latitude 
Balaju UC, 1312 27.730912 85.295524 
Bhaktapur SW 1328 27.671022 85.42982 
Bhimdhunga UC, R,SW 1467 27.731808 85.236019 
Dakshinkali UC, R,SW 1687 27.613327 85.26441 
Dhumbari UC, SW 1313 27.725211 85.34334 
Gaushala UC, R,SW 1321 27.703942 85.34491 
Godawari UC 1694 27.598072 85.370733 
Gokarna UC 1686 27.726637 85.398287 
Kakani UC,R,SW 2029 27.825747 85.246372 
Kalimati UC,R,SW 1308 27.699974 85.289059 
Kamalpokari UC 1301 27.711076 85.3244 
Maitighar UC 1301 27.691977 85.322991 
Nepalchour UC,R,SW 1536 27.62926 85.369553 
Sankhamul UC 1285 27.680332 85.330317 
16 
Satdobato UC 1324 27.651536 85.327837 
Thimi UC 1323 27.67818 85.380789 
Sitapila UC 1306 27.717001 85.273541 
NagarKot R,SW 2145 27.7326 85.5247 
Pepsicola UC 1304 27.688851 85.36025 
Sundarijal R,SW 1930 27.790895 85.42724 
Phulchowki R,SW 1694 27.571103 85.4055 
 
Fourteen deep water wells were selected for sampling in different parts of the valley, and 
these sites are equally divided in the three water districts that provide drinking water to the 
Kathmandu residents and are operated by various organizations such as Kathmandu Upatyaka 
Khanepani Ltd., and hospitals. Deep wells sample sites were chosen to incorporate the valley, 
and a large number of sites were from the center of the valley as it is where a clay aquitard exists 
(Dill et al., 2001). The depth and location of the deep wells are provided in Table 2 and range in 
depth from 34 to 198 meters. 
 
 
 
Table 2: Deep Well location and the depth 
Location Sample Type Well 
Depth(Meters) 
Longitude Latitude 
Lokanthali Deep Well 94.49 27.67381 85.359485 
Thimi Deep Well 67.05 27.690904 85.390469 
Sundarijal Deep Well 34.75 27.758577 85.420096 
17 
Tri Bhuwan Univ. 
Teach. Hospital 
Deep Well 198.12 27.736002 85.330264 
Park Village Deep Well 54.87 27.774174 85.359808 
Grandi Hospital Deep Well 176.79 27.752876 85.325889 
New Bus Park, 
Gongabu 
Deep Well 79.23 27.733126 85.30825 
Balaju  Deep Well 109.72 27.730912 85.295524 
U.N Park Deep Well 88.40 27.685583 85.326266 
Bhaktapur Deep Well 106.69 27.671022 85.42982 
Satdobato Deep Well 82.30 27.651536 85.327837 
Bhaisipati Deep Well 124.97 27.649332 85.305866 
Norvic Hospital Deep Well 134.11 27.689991 85.319059 
Balkumari Deep Well 103.63 27.669529 85.340757 
 
2.1.1 Sample Collection 
To understand the differences in isotopic composition of precipitation, surface water, 
unconfined aquifer and deep aquifer, samples were collected twice a month from June to 
September 2017 (Tables 1 & 2). This period was chosen because Kathmandu valley receives 
about 80% of annual rainfall during this time (Malla et al., 2015). A total of 238 samples were 
collected of precipitation, surface water, unconfined aquifer and deep well water. Bi-Weekly 
precipitation samples were collected in a 500-ml container attached by 5mm ID hose to a funnel 
with a 5cm mouth. The collector was mounted in open areas and some rooftops at the locations 
listed in Table 1. Every two weeks, the volume of collected precipitation was homogenized, and 
18 
a 5-ml sample was collected for isotopic analysis. The surface water, unconfined aquifer, and 
deep well water were collected as grab samples directly into a 5ml sample bottle. Geographic 
coordinates of the sample site locations were generated in the field using the ESRI data collector 
app from a cell phone. The Digital Elevation Model (DEM) has been created using 30- meter 
resolution image from Landsat 8. 
2.2 Laboratory Analysis 
Samples were collected in 5 ml glass vials with a polyseal screw cap to prevent 
evaporation. Vials were filled to avoid headspace, and samples were stored cap side down until 
analysis. All samples were analyzed for water isotopes (δ2H and 𝛿18O) on a Los Gatos Research 
Liquid-Water Isotope Analyzer, based on Off-axis Integrate-Cavity-Output Spectroscopy 
(OICOS).   
All δ2H and δ18O value are expressed in relation to Vienna-Standard Mean Ocean Water 
(V-SMOW) in % 
δ18O or δ2H =(
𝑅 𝑠𝑎𝑚𝑝𝑙𝑒
𝑅𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑
− 1) 𝑥 1000 
where R sample is the ratio of Deuterium to a Hydrogen atom or 
18
O to 
16
O  atoms of the 
sample and R standard is the standard V-SMOW (Brooks et al., 2012). Analytical uncertainties 
for deep well samples ranged from ±0.13 % for δ18O, and 0.2% to 0.42 for δ2H, for precipitation 
the uncertainties ranged from 0.13 % to 0.34 % for δ18O, and 0.13% to 1.32 for δ2H, surface 
water it ranged from 0.13 % to 0.34 % for δ18O and 0.42 % to 1.32 % for δ2H and for unconfined 
aquifer it ranged from 0.13 % to 0.34 % for δ18O and 0.42 % to 1.32 % for δ2H. 
Los Gatos OICOS laser absorption spectrometer was utilized for direct measurement of 
2
H/
1
H and 
18
O/
16
O in liquid water. This instrument employs near infrared tunable diode laser 
19 
absorption spectroscope with laser coupled off-axis to a high-finesse optical cavity to provide 
highly accurate quantification of δ 18O and δ 2H in injected water samples (Berman et al., 2013). 
Liquid water samples were injected into the injector block using a 1.2 µL, zero dead 
volume syringe into the instrument via autoinjector equipped with a heated (≈ 85 °C) injector 
block. The injected water evaporated and isotopic analysis was performed on the water vapor. As 
per the manufacture’s recommendation, each sample has to be injected at least six times, and an 
average of the last four injections are used to produce a single, high-throughput sample 
measurement (Wassenaar et al., 2016). In this study, two preparatory injections followed by 6 
measurement injections were run for each sample, and the last 6 injections were averaged to 
produce a single sample measurement. The data generated was then processed using a post 
analysis software that was provided by the manufacturer to obtain the final δ2H and δ18O values 
based on a standard-curve correction.  
The two approaches that are used in explaining the variation of the water isotope in the 
valley are the Simple Linear Regression Model (SLM) and Generalized Linear Model (GLM). 
This approach was used by  (Brooks et al., 2012) to understand source-water contributions to the 
Willamette River. A simple linear regression model uses a single parameter that explains the 
variation in the sample. Single variable linear regression allows you to examine the statistical 
relationship between two variables such as the elevation versus the isotope composition of 
precipitation. The generalized linear model takes into consideration multiple, potential 
explanatory variables, and here included elevation, latitude, and longitude.  
These two methods will reveal the existence, and strength, of correlative relationships 
between topo-geographic features of the landscape and the ultimate isotope composition of 
meteoric water. By comparing the stable isotopic composition of precipitation in different topo-
20 
geographic zones of the basin with those measured in the aquifer systems, some additional, 
qualitative inference may be possible regarding the primary zones of recharge for each aquifer.  
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3  RESULTS 
Stable isotopic compositions are plotted relative to GMWL (Global Meteoric Water Line) as 
well as one another in order to identify relationships between different sites. An attempt is also 
made to evaluate the existing model of subsurface geology of Kathmandu valley by comparing 
the stable isotopic value of precipitation with that of a deep well.  
3.1 Isotopic Composition 
This section presents the results of the isotopic analyses for precipitation, surface water, 
unconfined aquifer and deep aquifer waters that were collected at 15-day intervals.  
Table 3:Shows δ2H and 𝜹18O along with depth of the well. Type: Source of Sample, DW: 
Deep Well, C-Date: Collection date. 
Location Type C- Date 
δ2H 
Processed 
𝜹18O 
Processed 
Analysis 
Date 
DEPTH In 
Meters 
Bhaktapur (KUKL) DW 8/16/2017 -69.24 -9.97 11/17/2017 106.68 
Lokanthali (KUKL) DW 7/24/2017 -52.19 -7.84 11/20/2017 94.48 
Lokanthali (KUKL) DW 6/28/2017 -53.68 -7.96 11/9/2017 94.48 
TUTH Hospital DW 8/17/2017 -67.22 -9.80 11/17/2017 198.12 
Bhaktapur (KUKL) DW 6/30/2017 -69.88 -10.06 11/9/2017 106.68 
Bhaktapur (KUKL) DW 7/25/2017 -70.12 -9.77 11/20/2017 106.68 
Bhaktapur (KUKL) DW 9/23/2017 -71.08 -10.25 11/17/2017 106.68 
ParkVillage(resort) DW 8/17/2017 -59.99 -8.85 11/17/2017 54.86 
Satdobato (KUKL) DW 6/22/2017 -52.87 -7.92 11/9/2017 82.29 
Satdobato (KUKL) DW 7/22/2017 -53.42 -8.07 11/20/2017 82.29 
Bhaisepati (KUKL) DW 7/15/2017 -59.94 -8.71 11/20/2017 124.96 
Bhaisepati (KUKL) DW 6/20/2017 -59.30 -8.74 11/9/2017 124.96 
Bhaisepati (KUKL) DW 8/20/2017 -59.03 -8.77 11/17/2017 124.96 
Grandi Hospital DW 8/17/2017 -58.98 -8.58 11/17/2017 176.78 
Balaju (KUKL) DW 8/17/2017 -57.50 -8.73 11/17/2017 109.72 
Norvic Hospital DW 7/21/2017 -46.69 -7.07 11/20/2017 134.11 
New Buspark DW 9/17/2017 -56.92 -8.99 11/17/2017 79.24 
New Buspark DW 8/17/2017 -56.23 -8.79 11/17/2017 79.24 
Balaju (KUKL) DW 9/16/2017 -55.58 -8.43 11/17/2017 109.78 
Balkumari (KUKL) DW 6/28/2017 -52.19 -7.92 11/9/2017 103.63 
Thimi (KUKL) DW 8/17/2017 -54.67 -8.26 11/17/2017 67.05 
Balkumari (KUKL) DW 7/14/2017 -52.92 -7.72 11/20/2017 103.63 
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Thimi (KUKL) DW 7/26/2017 -56.06 -7.88 11/20/2017 67.05 
Thimi (KUKL) DW 6/28/2017 -71.00 -10.23 11/9/2017 67.05 
Satdobato (KUKL) DW 8/20/2017 -52.70 -7.90 11/17/2017 82.29 
Sundarijal (KUKL) DW 6/14/2017 -52.28 -7.98 11/9/2017 34.74 
Sundarijal (KUKL) DW 7/22/2017 -55.96 -8.68 11/20/2017 34.74 
U.N Park (KUKL) DW 7/17/2017 -52.25 -7.91 11/9/2017 88.39 
TUTH Hospital DW 7/23/2017 -67.65 -9.85 11/20/2017 198.12 
TUTH Hospital DW 6/28/2017 -68.38 -9.72 11/9/2017 198.12 
ParkVillage(resort) DW 6/28/2017 -36.05 -0.87 11/9/2017 54.86 
ParkVillage(resort) DW 7/22/2017 -59.62 -9.06 11/20/2017 54.86 
U.N Park (KUKL) DW 9/16/2017 -51.41 -7.86 11/17/2017 88.39 
U.N Park (KUKL) DW 9/16/2017 -51.35 -7.75 11/17/2017 88.39 
Grandi Hospital DW 7/23/2017 -56.28 -8.37 11/20/2017 176.78 
U.N Park (KUKL) DW 6/20/2017 -51.30 -7.99 11/9/2017 88.39 
Grandi Hospital DW 6/28/2017 -59.11 -8.34 11/9/2017 176.78 
New Buspark DW 7/24/2017 -55.40 -8.72 11/20/2017 79.24 
New Buspark DW 6/28/2017 -56.10 -8.80 11/9/2017 79.24 
Lokanthali (KUKL) DW 8/14/2017 -51.24 -7.49 11/17/2017 94.48 
U.N Park (KUKL) DW 8/14/2017 -50.31 -7.92 11/17/2017 88.39 
Sundarijal (KUKL) DW 6/14/2017 -49.89 -8.09 11/9/2017 34.74 
Balaju (KUKL) DW 7/23/2017 -55.95 -8.70 11/20/2017 109.72 
Balaju (KUKL) DW 6/28/2017 -57.41 -8.75 11/9/2017 109.72 
Balkumari (KUKL) DW 8/14/2017 -49.16 -7.48 11/17/2017 103.63 
Balkumari (KUKL) DW 9/16/2017 -47.61 -7.09 11/17/2017 103.63 
Norvic Hospital DW 6/15/2017 -47.03 -7.23 11/9/2017 134.11 
Norvic Hospital DW 9/16/2017 -46.62 -7.10 11/17/2017 134.11 
Norvic Hospital DW 8/14/2017 -44.40 -6.89 11/17/2017 134.11 
Grandi Hospital DW 9/16/2017 -32.22 -5.85 11/17/2017 176.78 
 
The δ2H mean value of deep well is -55.49 and the median value is also -55.49 with a 
standard deviation of 8.13 and the range is from -32.22 to -71.12. 
Tables 4 shows the δ2H and 𝛿18O of each precipitation samples sites. 
Table 4:Shows δ2H and 𝜹18O and elevation of the precipitation sample location Type: 
Source of Sample, R: Precipitation, C-Date: Collection date. 
Location Type C-Date δ2H Processed 𝜹18O Processed Analysis Date 
Elevation in 
 Meters 
Bhimdhunga R 7/28/2017 -91.57 -12.35 11/9/2017 1467 
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Bhimdhunga R 8/28/2017 -84.94 -12.15 11/17/2017 1467 
Bhimdhunga R 7/15/2017 -65.39 -9.56 11/2/2017 1467 
Bhimdhunga R 8/15/2017 -66.97 -9.58 11/17/2017 1467 
Bhimdhunga R 9/18/2017 -76.99 -11.33 11/17/2017 1467 
Bhimdhunga R 6/30/2017 -31.60 -5.38 11/9/2017 1467 
Bhimdhunga R 6/17/2017 22.39 0.90 11/2/2017 1467 
Dakshankali R 9/28/2017 -122.0 -16.41 11/17/2017 1687 
Dakshankali R 8/2/2017 -82.61 -11.00 11/17/2017 1687 
Dakshankali R 8/2/2017 -82.39 -11.09 11/17/2017 1687 
Dakshankali R 9/15/2017 -83.96 -11.69 11/17/2017 1687 
Dakshankali R 7/14/2017 -63.78 -9.12 11/20/2017 1687 
Dakshankali R 8/14/2017 -64.87 -8.88 11/20/2017 1687 
Dakshankali R 6/18/2017 18.65 0.25 10/26/2017 1687 
Dakshankali R 7/5/2017 -14.82 -2.59 11/20/2017 1687 
Gaushala R 6/28/2017 -62.16 -9.12 11/9/2017 1321 
Gaushala R 9/28/2017 -89.63 -12.83 11/17/2017 1321 
Gaushala R 8/29/2017 -58.56 -8.075 10/26/2017 1321 
Gaushala R 8/16/2017 -57.99 -8.44 10/26/2017 1321 
Gaushala R 7/14/2017 -57.66 -8.39 11/2/2017 1321 
Gaushala R 8/16/2017 -57.35 -8.39 10/26/2017 1321 
Gaushala R 7/15/2017 16.75 0.62 11/9/2017 1321 
Kakani R 8/15/2017 -103.0 -13.06 11/17/2017 2029 
Kakani R 8/29/2017 -86.87 -12.26 11/17/2017 2029 
Kakani R 7/14/2017 -91.15 -12.76 11/17/2017 2029 
Kakani R 7/17/2017 -83.02 -11.95 11/17/2017 2029 
Kakani R 6/28/2017 -24.20 -4.84 11/17/2017 2029 
KaKani R 9/15/2017 -59.70 -8.33 11/17/2017 2029 
Kakani R 6/17/2017 17.83 0.10 11/20/2017 2029 
Kalimati R 7/28/2017 -62.58 -9.26 11/2/2017 1308 
Kalimati R 6/14/2017 -17.45 -4.58 10/26/2017 1308 
Kalimati R 7/26/2017 -54.55 -8.05 11/9/2017 1308 
Kalimat R 6/18/2017 25.91 1.32 11/9/2017 1308 
Nagarkot R 9/28/2017 -66.89 -9.60 11/17/2017 2145 
Nagarkot R 6/26/2017 -21.53 -4.49 11/9/2017 2145 
Nagarkot R 8/14/2017 -34.89 -5.30 10/26/2017 2145 
Nagarkot R 8/29/2017 -33.68 -5.57 10/26/2017 2145 
Nagarkot R 8/1/2017 -33.03 -5.73 10/26/2017 2145 
Nagarkot R 7/15/2017 -34.27 -5.87 11/2/2017 2145 
Nagarkot R 6/16/2017 27.91 1.31 10/26/2017 2145 
Nagarkot R 7/28/2017 -33.77 -5.95 11/9/2017 2145 
Nagarkot R 9/2/2017 -48.31 -7.59 11/2/2017 2145 
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Nepalchour R 6/7/2017 -55.86 -7.85 10/26/2017 1536 
Nepalchour R 6/15/2017 -55.25 -7.97 10/26/2017 1536 
Nepalchour R 8/15/2017 -63.18 -9.19 11/9/2017 1536 
Nepalchour R 7/1/2017 -54.98 -8.22 10/26/2017 1536 
Nepalchour R 6/29/2017 -9.42 -3.35 11/9/2017 1536 
Nepalchour R 8/14/2017 -57.00 -8.68 11/9/2017 1536 
Nepalchour R 7/27/2017 -9.54 -2.69 11/2/2017 1536 
Phulchowki R 6/28/2017 -32.04 -5.62 11/2/2017 1694 
Phulchowki R 7/2/2017 -60.17 -8.76 11/2/2017 1694 
Phulchowki R 6/19/2017 19.33 0.76 10/26/2017 1694 
Phulchowki R 7/14/2017 -47.83 -7.48 11/9/2017 1694 
Sundarijal R 7/30/2017 -90.89 -12.36 11/2/2017 1930 
Sundarijal R 6/20/2017 -3.82 -2.40 10/26/2017 1930 
Sundarijal R 7/15/2017 -54.71 -8.06 11/2/2017 1930 
Sundarijal R 9/23/2017 -59.90 -9.05 11/17/2017 1930 
Sundarijal R 6/15/2017 17.05 -0.04 10/26/2017 1930 
Sundarijal R 7/15/2017 -54.55 -8.05 11/2/2017 1930 
Sundarijal R 7/15/2017 -53.96 -7.88 11/2/2017 1930 
Table 5:Shows δ2H and 𝜹18O and elevation of the Unconfined aquifer location Type: 
Source of Sample, UC: Unconfined Aquifer, C-Date: Collection date. 
Location C-Type Date δ2H Processed 𝜹18O Processed Analysis Date 
Elevation in 
 Meters 
Balaju UC 6/28/2017 -55.15 -8.34 11/9/2017 1312 
Balaju UC 7/23/2017 -56.12 -8.00 11/9/2017 1312 
Balaju UC 9/17/2017 -54.83 -8.24 11/17/2017 1312 
Balaju UC 6/15/2017 -69.57 -9.98 11/20/2017 1312 
Balaju UC 8/17/2017 -55.26 -8.10 11/20/2017 1312 
Bhimdhunga UC 7/20/2017 -57.07 -8.76 11/9/2017 1467 
Bhimdhunga UC 6/28/2017 -53.732 -8.21 10/26/2017 1467 
Bhimdhunga UC 6/30/2017 -56.31 -8.51 10/26/2017 1467 
Bhimdunga UC 9/19/2017 -54.59 -8.51 11/17/2017 1467 
Dakshankali UC 7/14/2017 -34.21 -4.60 11/20/2017 1687 
Dakshankali UC 6/27/2017 -42.36 -6.29 10/26/2017 1687 
Dakshankali UC 8/28/2017 -47.05 -6.76 11/17/2017 1687 
Dakshankali UC 8/15/2017 -51.58 -7.53 11/20/2017 1687 
Dhumbari UC 6/14/2017 -49.27 -7.57 11/2/2017 1313 
Dhumbari UC 7/20/2017 -54.68 -8.03 11/20/2017 1313 
Gaushala UC 7/22/2017 -57.17 -8.77 11/9/2017 1321 
Gaushala UC 6/28/2017 -57.10 -8.56 10/26/2017 1321 
Gaushala UC 8/2/2017 -57.60 -8.69 11/9/2017 1321 
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Godawari UC 8/14/2017 -60.17 -9.16 11/20/2017 1694 
Godawari UC 7/21/2017 -60.04 -9.12 11/20/2017 1694 
Gokarna UC 6/30/2017 -52.86 -7.57 11/20/2017 2029 
Kakani UC 6/30/2017 -57.95 -8.87 11/20/2017 2029 
Kalimati UC 7/12/2017 -16.02 -3.67 11/2/2017 1308 
Kalimati UC 6/27/2017 -41.95 -6.68 11/9/2017 1308 
Kalimati UC 9/17/2017 -46.48 -7.42 11/17/2017 1308 
Kamalpokhari UC 9/17/2017 -53.58 -7.86 11/17/2017 1300 
Kamalpokhari UC 6/19/2017 -57.16 -8.40 11/9/2017 1300 
Kamalpokhari UC 8/14/2017 -55.82 -8.44 11/9/2017 1300 
Kamalpokhari UC 7/21/2017 -55.86 -8.21 11/9/2017 1301 
Maitighar UC 8/14/2017 -55.45 -8.35 11/9/2017 1301 
Maitighar UC 9/19/2017 -60.60 -9.21 11/17/2017 1301 
Maitighar UC 6/18/2017 -59.26 -8.80 11/2/2017 1301 
Maitighar UC 7/22/2017 -54.27 -8.30 11/9/2017 1301 
Nepalchour UC 8/14/2017 -19.69 -3.90 11/9/2017 1536 
Nepalchour UC 7/15/2017 -61.91 -8.69 11/2/2017 1536 
Pepsicola UC 7/20/2017 -53.67 -7.76 11/20/2017 1304 
Pepsicola UC 6/29/2017 -54.27 -7.93 11/20/2017 1304 
Pepsicola UC 8/16/2017 -53.45 -7.74 11/20/2017 1304 
Sankhamul UC 6/28/2017 -37.47 -6.09 11/9/2017 1285 
Sankhamul UC 9/17/2017 -43.31 -6.57 11/17/2017 1285 
Sankhamul UC 8/14/2017 -46.10 -7.14 11/2/2017 1285 
Sankhamul UC 7/23/2017 -61.93 -9.06 11/20/2017 1285 
Satdobato UC 7/20/2017 -41.17 -6.29 11/20/2017 1324 
Satdobato UC 7/29/2017 -38.42 -6.01 11/20/2017 1324 
Sitapila UC 9/19/2017 -49.59 -7.21 11/17/2017 1306 
Sitapila UC 6/2/2017 -50.85 -7.45 11/20/2017 1306 
Sitapila UC 7/23/2017 -65.46 -7.83 11/20/2017 1306 
Thimi UC 7/20/2017 -41.35 -6.24 11/20/2017 1323 
Thimi UC 6/30/2017 -37.94 -5.76 11/20/2017 1323 
 
Table 6:Shows δ2H and 𝜹18O and elevation of the Surface water location Type: Source of 
Sample, SW: Surface Water, C-Date: Collection date 
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Location 
Type 
C-Date δ2H Processed 𝜹18O Processed Analysis Date 
Elevation in  
Meters 
Bhaktapur SW 7/25/2017 -60.33 -8.20 11/9/2017 1328 
Bhaktapur SW 7/25/2017 -59.86 -8.05 11/9/2017 1328 
Bhaktapur SW 6/30/2017 -32.04 -4.62 11/2/2017 1328 
Bhaktapur SW 9/23/2017 -55.67 -7.35 11/17/2017 1328 
Bhimdhunga SW 7/20/2017 -75.18 -8.01 11/9/2017 1467 
Bhimdhunga SW 6/28/2017 -23.51 -2.65 10/26/2017 1467 
Bhimdunga SW 9/19/2017 -55.10 -8.30 11/17/2017 1467 
Dakshankali SW 7/17/2017 -61.26 -9.23 11/20/2017 1687 
Dakshankali SW 6/27/2017 -61.35 -9.21 11/2/2017 1687 
Dakshankali SW 6/27/2017 -61.67 -9.29 11/2/2017 1687 
Dakshankali SW 6/27/2017 -61.43 -9.16 11/2/2017 1687 
Dakshankali SW 7/14/2017 -50.23 -5.94 11/20/2017 1687 
Dakshankali SW 9/15/2017 -62.00 -9.39 11/17/2017 1687 
Dhumbari SW 8/19/2017 -54.67 -8.23 11/20/2017 1313 
Gaushala SW 7/22/2017 -90.91 -12.77 10/26/2017 1321 
Gaushala SW 8/1/2017 -33.90 -4.80 11/2/2017 1321 
Kakani SW 8/20/2017 -59.49 -9.07 11/17/2017 2029 
Kakani SW 9/17/2017 -57.46 -9.13 11/17/2017 2029 
Kakani SW 9/20/2017 -60.24 -9.09 11/17/2017 2029 
Kalimati SW 6/28/2017 -48.22 -6.71 10/26/2017 1308 
Nagarkot SW 6/15/2017 -33.37 -5.69 10/26/2017 2145 
Nagarkot SW 8/21/2017 -53.49 -8.16 11/9/2017 2145 
Nepalchour SW 8/19/2017 -61.81 -9.21 11/9/2017 1536 
Nepalchour SW 6/28/2017 -58.07 -8.62 10/26/2017 1536 
Nepalchour SW 7/14/2017 -60.26 -8.74 11/2/2017 1536 
Phulchowki SW 6/29/2017 -58.59 -8.89 10/26/2017 1694 
Phulchowki SW 7/28/2017 -34.78 -4.66 10/26/2017 1694 
Sundarijal SW 6/28/2017 -54.17 -8.15 11/2/2017 1930 
Sundarijal SW 7/15/2017 -51.80 -8.11 10/26/2017 1930 
 
3.1.1 Sample Comparison to the Global Meteoric Water Line 
Figure 7 plots each sample of the precipitation, surface water, unconfined aquifer and 
deep aquifer along with the Global Meteoric Water Line (GMWL). The majority of samples are 
on, or close to, the GMWL suggesting that surface- and ground-water samples are all derived 
from contemporary meteoric water. 
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Figure 7: Samples compared to the GMWL with respect to their δ2H and δ18O values. 
3.1.2 Isotopic Variation with respect to Elevation 
Figure 8 provides a plot of the δ2H results against elevation values. No specific trend was 
initially observed by looking at the plot, only one noticeable trend was observed when compared 
to the same 15 days cycle of data. The most enriched δ2H value was found in the sample 
collected at the highest elevation, a clear deviation from the hypothesis and requires further 
evaluation.   
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Figure 8: δ2H value compared with respect to elevation. 
 
3.1.3 Isotopic variation with respect to Longitude 
Figure 9 plots δ2H against longitude. No specific trend was observed by looking at the 
plot.  
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Figure 9:δ2H value compared with respect to longitude. 
  
3.1.4 Isotopic Signature of Deep Aquifer Water 
Figure 10 plots each of the samples collected from the deep aquifer along with the Global 
Meteoric Water Line (GMWL). The majority of samples are on, or close to, the GMWL. The 
median value of δ2H is -52.49 and mean is -53.48. The value ranges from -32.22 to -69.24. Out 
of 14 locations, there are 4 locations have the δ2H that are not in the -50 range. 
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Figure 10: Samples compared to the GMWL with respect to their δ2H and δ18O values. 
Figure 11 illustrates the average values δ2H of each sample location with respect to 
standard deviations from their specific source. 
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Figure 11:Average values δ2H of each sample location with respect to standard deviations 
from their specific source 
3.2 Discussion 
3.2.1 Influence of elevation on the stable isotopic value of δ2H and 𝜹18O in 
precipitation 
No relationship could be established using a linear regression model. Sample site 
Nagarkot which is located at the highest elevation had the rainfall whose isotopic values were the 
most enriched during each rainfall period. Single observation was made on the analyzed data in a 
sample site Kakani that has the second highest elevation, is located on the west side of the valley, 
and had the most depleted δ2H and 𝛿18O during each rainfall compared to the other sample 
locations.  As the data shows in Figure 9, there is no direct relation between elevation and the 
value of stable isotopes of rainwater. 
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When the data were compared using multiple regression models (Table 7) in which the 
multiple independent variables are elevation, longitude, time of sampling and the dependent 
variable was δ2H the R2 was .4150 (Table 7) which much higher than the linear regression R2 
.0009 when comparing elevation with δ2H only. Regression analysis was performed with 
individual variables saperately and with the combination of varaibles also. During this analysis, 
it was observed days of the year was most influential variable for the corelation. R
2 
for longitude 
and elevation was 0.0605, R
2   
for days of year and longitude was 0.4150. 
Table 7: Multiple regression Analysis. Isotope δ2H and variable are Elevations, Longitude, 
Days in years. 
 
 
SUMMARY OUTPUT
Regression Statistics
Multiple R 0.246034784
R Square 0.060533115
Adjusted R Square 0.026980726
Standard Error 35.08809333
Observations 59
ANOVA
df SS MS F Significance F
Regression 2 4442.414837 2221.207418 1.804137262 0.174052931
Residual 56 68945.76043 1231.174293
Total 58 73388.17526
Coefficients Standard Error t Stat P-value Lower 95.0% Upper 95.0%
Intercept Intercept 4821.731405 2594.467797 1.858466469 0.068361501 -375.61213 10019.07494
Elevation 1467.3072 -0.010504592 0.017528848 -0.599274535 0.551406707 -0.04561909 0.02460991
Longitude 27.730912 -175.1874979 93.22692934 -1.879151219 0.065431508 -361.943479 11.56848308
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 Thus, we can see that stable isotopic value in Kathmandu valley region is not dependent 
on the elevation but more on longitude and days of the year. 
SUMMARY OUTPUT
Regression Statistics
Multiple R 0.64422751
R Square 0.415029085
Adjusted R Square 0.394137266
Standard Error 27.68765456
Observations 59
ANOVA
df SS MS F Significance F
Regression 2 30458.22722 15229.11 19.86563 3.01828E-07
Residual 56 42929.94804 766.6062
Total 58 73388.17526
Coefficients Standard Error t Stat P-value Lower 95% Upper 95%
Intercept Intercept 3577.962893 1820.033 1.965878 0.054278191 -68.00211622 7223.928
Longitude 27.730912 -126.1671434 65.79156 -1.91768 0.060257049 -257.9634661 5.629179
Days of Year 209 -0.633122914 0.10777 -5.87479 2.42768E-07 -0.849011225 -0.41723
SUMMARY OUTPUT
Regression Statistics
Multiple R 0.64422751
R Square 0.415029085
Adjusted R Square 0.38312158
Standard Error 27.93822668
Observations 59
ANOVA
df SS MS F Significance F
Regression 3 30458.22722 10152.74241 13.00726 1.56163E-06
Residual 55 42929.94804 780.5445098
Total 58 73388.17526
Coefficients Standard Error t Stat P-value Lower 95% Upper 95.0%
Intercept 3578.022354 2076.99785 1.722689 0.090563796 -584.3743531 7740.41906
Elevation 1467.307 -8.62674E-07 0.014075096 -6.1E-05 0.999951319 -0.028207985 0.02820626
Longitude 27.730912 -126.1692443 74.71417594 -1.68869 0.096941065 -275.8997988 23.56131024
Days of year 209 -0.633122045 0.109664882 -5.77324 3.72884E-07 -0.85289538 -0.41334871
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3.2.2 Isotopic variation with respect to time and rainfall 
There is a wide range of variation in δ2H and 𝛿18O value in the precipitation. The sample 
collected in most of the locations during the month of June has δ2H and 𝛿18O values that are 
enriched compared to July, August, and September (Figure 12). The δ2H value ranges from 
27.91 to -122.03 and mean value is -49.43. The δ2H value is more negative in the precipitation 
samples that are from the months of August and September. Location Dakshinkali had a δ2H 
value of -122.03 and was collected in the month of September. The most enriched δ2H was 27.91 
collected at Nagarkot in the month of June. 
 
 
Figure 12 : Mean δ2H of precipitation (n = 2) occurring during individual months at each 
sample location. 
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3.2.3  Stable Isotope composition of water in a deep well  
The δ2H value of deep well samples ranged from -32.22 to -69.24. The median value of 
δ2H is -52.49 and the mean -53.48. Out of 28 samples collected 19 samples had values ranging 
from -50 to -59. The δ2H value of the deep well sample for a specific location during different 
months did not fluctuate much and were consistent. The deep well depths range from 34 meters 
to 198 meters. 
The surface water isotope values within the Kathmandu basin varied with the elevation 
change. This is primarily because it is dependent on the precipitation that occurs in those specific 
areas. The change in isotopic composition could not be directly correlated with the change in 
elevation in the study area as one of the sample sites was located at the highest elevation and 
located on the windward side of the mountain. During the onset of Indian Summer Monsoon, the 
wind movement in this area is from east to west (Fig: 5), so the isotopic value of this sample 
location (Nagarkot) was heavier than other locations, even though it was the highest elevation. 
The value of δ2H is not consistent, and this could be attributed to wind movement and the source 
of the moisture for that rainfall event. When the source of moisture is from the Bay of Bengal, 
the precipitation has δ2H values that are lighter, whereas if the source of moisture is from the 
Arabian Sea the moisture must travel over the Indian sub-continent before it reaches the 
Himalayas.  This wind movement or circulation is known as the Westerly Disturbance, and 
theresulting δ2H value is larger (Jeelani et al., 2017; Lang and Barros, 2002; Rajeevan et al., 
2010). The precipitation events that occur in the central Himalayas due to the Westerly 
Disturbance are spatial and time independent. Typically the Westerly Disturbance creates 
precipitation during winter seasons, but in this region, it can also result in precipitation during 
the summer months (Cannon et al., 2015). It is apparent from Table 4 that the Indian Summer 
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Monsoons and Westerly Disturbance have a distinct isotope signature of precipitation. One 
noticeable trend among all the locations is δ2H decreases gradually from June to September. A 
similar trend was also observed in rainfall at New Delhi from June to September (Araguás‐
Araguás et al., 1998; Bhattacharya et al., 2003). Changes of a similar magnitude in the δ2H value 
of precipitation were observed in precipitation samples collected during the 2012 and 2013 
monsoon periods on Andaman Island, Bay of Bengal (Chakraborty et al., 2016). The effect of 
elevation on δ2H value was not clearly visible by looking at the data as R squared value was 
.0009 for a single regression model and .4150 for multiple regression model. This seems to be a 
regional phenomenon that occurs only in the Himalayas.  A similar observation was made by 
Poage and Chamberlian where the R- square of .36 in the Himalaya region  (Bahadur, 1976; 
Poage and Chamberlain, 2001). This correlation might be linked to the evolution of Indian 
Summer Monsoon, but more research is needed. 
 Table 3 shows the deep well samples δ2H value and the median value of δ2H is -52.49, and a 
mean value of -53.48. By analyzing the surface water and precipitation δ2H value, the recharge 
area for the deep aquifer is not only the northeast side of the basin. Figure 13 along with data of 
Table 8 of DW sample δ2H value and Table 9 of precipitation helps to support the statement. 
There is a similarity between the isotope composition of water in the deep aquifer and some of 
the precipitation samples collected from the south side of the valley.  However, it must be noted 
that this evidence is not entirely conclusive, since the isotope composition of the deep-aquifer 
water could conceivably result from a number of different mixtures of precipitation-source 
waters.  In a study conducted by Dixit and Upadhya  of the Nepal Water Conservation 
Foundation, the recharge area is larger in the northen side whereas the southern side of the valley 
38 
has a small recharge capacity  (Madhukar Upadhya, 2005). The location of the exact recharge 
they identified is the Godavari, which is at the base of the Phulchoki Range.  
 
Figure 13: Comparison of Stable Isotopic value of 14 Deep Well and 13 Precipitation 
Sample 
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Table 8: Deep Well δ2H value 
 
 
Table 9: δ2H value of precipitation that are similar to the deepwell δ2H value was extracted 
from the set of precipitation samples to find the location   
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The δ2H value of deep well samples and δ2H values of precipitation are similar (Tables 8, 
9). These sites are located on the northeast and southwest sides of the basin. Sundarijal and 
Gaushala are located in the Shivpuri area on the north-east side of the Kathmandu basin. 
Previously it was believed that focuses recharge occurs in this area by which the deep confined 
aquifer in Kathmandu basin is recharged (Figure:4) (Chapagain et al., 2010; Cresswell et al., 
2001; Dill et al., 2001; Neupane and Shrestha, 2009). 
 
 
Figure 14 : Mean Stable Isotope Value of Deep Well Location Plotted against the 
Precipitation sample location of North and south 
 Additional data sets and tracer studies are required to validate this result, however, as the 
data from this study suggests some portion of the deep confined aquifer has a chance some 
chance of being recharged from the south west side as the δ2H value in deep well samples is 
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located in the Phulchoki area.  A recent study of the subsurface geology of Kathmandu valley 
after the Nepal earthquake of 2015 by various researchers also suggests that this area is 
composed of pebble-cobble conglomerate, sand, and mud (Chamlagain and Gautam, 2015; 
Okamura et al., 2015; Sakai, 2001) 
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4 CONCLUSIONS 
Isotope analysis of precipitation samples collected at nine stations located in and around 
Kathmandu basin allowed a deeper insight into the mechanism controlling the isotopic 
composition of precipitation in Kathmandu basin. Analysis of δ2H and δ18O isotopic 
composition of precipitation allowed several important conclusions to be drawn: there is no 
linear relation between δ2H and elevation in Kathmandu basin; the Indian Monsoon is a 
dominant circulation that causes the precipitation, and the role of Western Disturbance cannot be 
omitted as it can also cause heavy precipitation and is spatiotemporally independent. It is also 
seen than that the value of δ2H and δ18O reduces from June to September. 
Isotopic analysis of precipitations, surface waters, unconfined aquifers, and deep well 
samples collected in and around Kathmandu basin also provided a deeper insight into the 
hydrological connection between the area of precipitation and deep aquifer recharge. Data 
analyzed here suggest that the deep aquifer is recharged from the northeast and might also have 
the chance of being recharged from the southwest part of the Kathmandu basin.   
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APPENDICES  
Appendix A: Analysis Data 
Surface water site:  
 
 
 
 
 
 
 
 
Location Collection date Processed δ H Processed δ 18 O Analysis date Sample δ H Precision Sample δ 18 O Precision  Standar δ H Precision Standar δ 18 O Precision Elevation in Meters
Dhumbari 8/19/2017 -54.672768 -8.2311 11/20/2017 1313.688
Bhimdhunga 7/20/2017 -75.181725 -8.010531 11/9/2017 0.42 0.13 0.12 0.09 1467.3072
Bhimdunga 9/19/2017 -55.10597 -8.305685 11/17/2017 0.2 0.13 0.35 0.08 1467.3072
Nepalchour 8/19/2017 -61.814024 -9.212709 11/9/2017 0.42 0.13 0.12 0.09 1536.8016
Nepalchour 7/14/2017 -60.264352 -8.747926 11/2/2017 0.56 0.17 0.1 0.07 1536.8016
Dakshankali 7/17/2017 -61.260293 -9.236194 11/20/2017 1687.3728
Dakshankali 7/14/2017 -50.231528 -5.942304 11/20/2017 1687.3728
Dakshankali 9/15/2017 -62.002415 -9.394846 11/17/2017 0.2 0.13 0.35 0.08 1687.3728
Sundarijal 7/15/2017 -51.802522 -8.113424 10/26/2017 1.325338503 0.336244108 0.407309143 0.08406687 1930.908
Kakani 8/20/2017 -59.490451 -9.075069 11/17/2017 0.2 0.13 0.35 0.08 2029.968
Kakani 9/17/2017 -57.468913 -9.133143 11/17/2017 0.2 0.13 0.35 0.08 2029.968
Kakani 9/20/2017 -60.243512 -9.09536 11/17/2017 0.2 0.13 0.35 0.08 2029.968
Nagarkot 6/15/2017 -33.377371 -5.698655 10/26/2017 1.325338503 0.336244108 0.407309143 0.08406687 2145.4872
2 
Deep Well Site: 
 
 
 
 
 
Location Collection date Processed δ H Processed δ 18 O Analysis date Sample δ H Precision Sample δ 18 O Precision  Standar δ H Precision Standar δ 18 O Precision Depth in Meters
loc10 8/16/2017 -69.240179 -9.978983 11/17/2017 0.2 0.13 0.35 0.08 106.68
loc4 8/17/2017 -67.223715 -9.803155 11/17/2017 0.2 0.13 0.35 0.08 198.12
loc5 8/17/2017 -59.993213 -8.85626 11/17/2017 0.2 0.13 0.35 0.08 54.864
loc12 7/15/2017 -59.945451 -8.712141 11/20/2017 124.968
loc12 6/20/2017 -59.301953 -8.743795 11/9/2017 0.42 0.13 0.12 0.09 124.968
loc12 8/20/2017 -59.038917 -8.77863 11/17/2017 0.2 0.13 0.35 0.08 124.968
loc6 8/17/2017 -58.98267 -8.586356 11/17/2017 0.2 0.13 0.35 0.08 176.784
loc8 8/17/2017 -57.500651 -8.736726 11/17/2017 0.2 0.13 0.35 0.08 109.728
loc7 9/17/2017 -56.921099 -8.997485 11/17/2017 0.2 0.13 0.35 0.08 79.248
loc7 8/17/2017 -56.235444 -8.7983 11/17/2017 0.2 0.13 0.35 0.08 79.248
loc8 9/16/2017 -55.581534 -8.431015 11/17/2017 0.2 0.13 0.35 0.08 109.728
loc2 8/17/2017 -54.673406 -8.264252 11/17/2017 0.2 0.13 0.35 0.08 67.056
loc14 7/14/2017 -52.924992 -7.727612 11/20/2017 103.632
loc11 8/20/2017 -52.703971 -7.909067 11/17/2017 0.2 0.13 0.35 0.08 82.296
loc3 6/14/2017 -52.281654 -7.982194 11/9/2017 0.42 0.13 0.12 0.09 34.7472
loc9 7/17/2017 -52.252504 -7.911936 11/9/2017 0.42 0.13 0.12 0.09 88.392
loc9 9/16/2017 -51.415733 -7.860485 11/17/2017 0.2 0.13 0.35 0.08 88.392
loc9 9/16/2017 -51.355238 -7.758503 11/17/2017 0.2 0.13 0.35 0.08 88.392
loc9 6/20/2017 -51.309615 -7.991735 11/9/2017 0.42 0.13 0.12 0.09 88.392
loc1 8/14/2017 -51.24709 -7.495279 11/17/2017 0.2 0.13 0.35 0.08 94.488
loc9 8/14/2017 -50.317258 -7.923434 11/17/2017 0.2 0.13 0.35 0.08 88.392
loc3 6/14/2017 -49.89743 -8.092519 11/9/2017 0.42 0.13 0.12 0.09 34.7472
loc14 8/14/2017 -49.167638 -7.484206 11/17/2017 0.2 0.13 0.35 0.08 103.632
loc14 9/16/2017 -47.618925 -7.095963 11/17/2017 0.2 0.13 0.35 0.08 103.632
loc13 6/15/2017 -47.037401 -7.2329 11/9/2017 0.42 0.13 0.12 0.09 134.112
loc13 9/16/2017 -46.629862 -7.10146 11/17/2017 0.2 0.13 0.35 0.08 134.112
loc13 8/14/2017 -44.404858 -6.89891 11/17/2017 0.2 0.13 0.35 0.08 134.112
loc6 9/16/2017 -32.222157 -5.852458 11/17/2017 0.2 0.13 0.35 0.08 176.784
Loc 1: Lokanthali, Loc 2 : Thimi , Loc 3: Sundarijal, Loc 4 : Tribhuwan Hospital, Loc 5 : Park Village, Loc 6 : Grandi Hospital , Loc 7 : New Bus Park, Loc 8: Balaju, Loc 9 : U.N Park, Loc 10: Bhaktapur
Loc 11: Satdobato, Loc 12 : Bhaisipati, Loc 13 : Norvic Hospital, Loc 14 : Balkumari
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Precipitation Site:  
 
  
Location Collection date Processed δ H Processed δ 18 O Analysis date Sample δ H Precision Sample δ 18 O Precision  Standar δ H Precision Standar δ 18 O Precision Elevation in Meters
Nepalchour 6/7/2017 -55.868204 -7.850513 10/26/2017 1.325338503 0.336244108 0.407309143 0.08406687 1536.8016
Kalimati 6/14/2017 -17.450468 -4.583418 10/26/2017 1.325338503 0.336244108 0.407309143 0.08406687 1308.5064
Nagarkot 7/15/2017 -34.277027 -5.875575 11/2/2017 0.56 0.17 0.1 0.07 2145.4872
Kakani 7/17/2017 -83.022848 -11.957216 11/17/2017 0.2 0.13 0.35 0.08 2029.968
Gaushala 8/16/2017 -57.351641 -8.391036 10/26/2017 1.325338503 0.336244108 0.407309143 0.08406687 1321.9176
Gaushala 8/16/2017 -57.992166 -8.444692 10/26/2017 1.325338503 0.336244108 0.407309143 0.08406687 1321.9176
Nepalchour 6/15/2017 -55.253363 -7.978263 10/26/2017 1.325338503 0.336244108 0.407309143 0.08406687 1536.8016
Sundarijal 6/15/2017 17.056086 -0.042032 10/26/2017 1.325338503 0.336244108 0.407309143 0.08406687 1930.908
Bhimdhunga 8/15/2017 -66.978542 -9.584493 11/17/2017 0.2 0.13 0.35 0.08 1467.3072
Kakani 7/14/2017 -91.153156 -12.762681 11/17/2017 0.2 0.13 0.35 0.08 2029.968
Bhimdhunga 9/18/2017 -76.995373 -11.333367 11/17/2017 0.2 0.13 0.35 0.08 1467.3072
Nagarkot 6/16/2017 27.911289 1.311659 10/26/2017 1.325338503 0.336244108 0.407309143 0.08406687 2145.4872
Bhimdhunga 6/17/2017 22.394575 0.905385 11/2/2017 0.56 0.17 0.1 0.07 1467.3072
Nepalchour 8/14/2017 -57.004773 -8.68169 11/9/2017 0.42 0.13 0.12 0.09 1536.8016
Nepalchour 8/15/2017 -63.189068 -9.194236 11/9/2017 0.42 0.13 0.12 0.09 1536.8016
Dakshankali 8/14/2017 -64.87258 -8.888678 11/20/2017 1687.3728
Sundarijal 7/15/2017 -53.969609 -7.880378 11/2/2017 0.56 0.17 0.1 0.07 1930.908
Dakshankali 9/15/2017 -83.960514 -11.699832 11/17/2017 0.2 0.13 0.35 0.08 1687.3728
Kakani 6/17/2017 17.834575 0.103309 11/20/2017 2029.968
Sundarijal 7/15/2017 -54.55031 -8.0585 11/2/2017 0.56 0.17 0.1 0.07 1930.908
Kalimati 6/18/2017 25.91313 1.324881 11/9/2017 0.42 0.13 0.12 0.09 1308.5064
Dakshankali 6/18/2017 18.659378 0.253802 10/26/2017 1.325338503 0.336244108 0.407309143 0.08406687 1467.3072
Sundarijal 7/15/2017 -54.719888 -8.060044 11/2/2017 0.56 0.17 0.1 0.07 1930.908
Phulchowki 7/14/2017 -47.830942 -7.483862 11/9/2017 0.42 0.13 0.12 0.09 1694.688
Dakshankali 7/14/2017 -63.787337 -9.129796 11/20/2017 1687.3728
Phulchowki 6/19/2017 19.337393 0.76422 10/26/2017 1.325338503 0.336244108 0.407309143 0.08406687 1694.688
Kanani 9/15/2017 -59.705894 -8.332273 11/17/2017 0.2 0.13 0.35 0.08 2029.968
Kakani 8/15/2017 -103.002566 -13.067222 11/17/2017 0.2 0.13 0.35 0.08 2029.968
Bhimdhunga 7/15/2017 -65.398641 -9.569538 11/2/2017 0.56 0.17 0.1 0.07 1467.3072
Gaushala 7/15/2017 16.750952 0.623472 11/9/2017 0.42 0.13 0.12 0.09 1321.9176
Sundarijal 6/20/2017 -3.828474 -2.407775 10/26/2017 1.325338503 0.336244108 0.407309143 0.08406687 1930.908
Gaushala 7/14/2017 -57.665029 -8.393833 11/2/2017 0.56 0.17 0.1 0.07 1321.9176
Nagarkot 8/14/2017 -34.89432 -5.30764 10/26/2017 1.325338503 0.336244108 0.407309143 0.08406687 2145.4872
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Unconfined Aquifer Site: 
 
 
 
 
Location Collection date Processed δ H Processed δ 18 O Analysis date Sample δ H Precision Sample δ 18 O Precision  Standar δ H Precision Standar δ 18 O Precision Elevation in Meters
Sankhamul 9/17/2017 -43.313393 -6.578676 11/17/2017 0.2 0.13 0.35 0.08 1285.0368
Sankhamul 8/14/2017 -46.102512 -7.142178 11/2/2017 0.56 0.17 0.1 0.07 1285.0368
Kamalpokhari 9/17/2017 -53.583627 -7.867122 11/17/2017 0.2 0.13 0.35 0.08 1300.2768
Kamalpokhari 6/19/2017 -57.163607 -8.401567 11/9/2017 0.42 0.13 0.12 0.09 1300.2768
Kamalpokhari 8/14/2017 -55.821691 -8.440318 11/9/2017 0.42 0.13 0.12 0.09 1300.2768
Maitighar 8/14/2017 -55.459757 -8.356159 11/9/2017 0.42 0.13 0.12 0.09 1301.1912
Maitighar 9/19/2017 -60.606431 -9.21399 11/17/2017 0.2 0.13 0.35 0.08 1301.1912
Maitighar 6/18/2017 -59.261821 -8.800352 11/2/2017 0.56 0.17 0.1 0.07 1301.1912
Pepsicola 7/20/2017 -53.679519 -7.764341 11/20/2017 1304.998152
Pepsicola 8/16/2017 -53.452369 -7.746791 11/20/2017 1304.998152
Sitapila 9/19/2017 -49.593507 -7.217525 11/17/2017 0.2 0.13 0.35 0.08 1306.99764
Kalimati 9/17/2017 -46.487662 -7.425757 11/17/2017 0.2 0.13 0.35 0.08 1308.5064
Balaju 9/17/2017 -54.837369 -8.24502 11/17/2017 0.2 0.13 0.35 0.08 1312.4688
Balaju 6/15/2017 -69.570171 -9.987468 11/20/2017 1312.4688
Balaju 8/17/2017 -55.260923 -8.100739 11/20/2017 1312.4688
Dhumbari 6/14/2017 -49.274748 -7.570982 11/2/2017 0.56 0.17 0.1 0.07 1313.688
Dhumbari 7/20/2017 -54.688574 -8.039467 11/20/2017 1313.688
Thimi 7/20/2017 -41.352214 -6.241615 11/20/2017 1322.99964
Satdobato 7/20/2017 -41.171069 -6.297522 11/20/2017 1324.0512
Bhimdhunga 7/20/2017 -57.078803 -8.76065 11/9/2017 0.42 0.13 0.12 0.09 1467.3072
Bhimdunga 9/19/2017 -54.594396 -8.518384 11/17/2017 0.2 0.13 0.35 0.08 1467.3072
Nepalchour 8/14/2017 -19.697057 -3.909911 11/9/2017 0.42 0.13 0.12 0.09 1536.8016
Nepalchour 7/15/2017 -61.915936 -8.699156 11/2/2017 0.56 0.17 0.1 0.07 1536.8016
Dakshankali 7/14/2017 -34.214311 -4.600224 11/20/2017 1687.3728
Dakshankali 8/15/2017 -51.582077 -7.530668 11/20/2017 1687.3728
Godawari 8/14/2017 -60.174162 -9.161889 11/20/2017 1694.688
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Appendix B : Multiple Regression Analysis Statistic 
 
 
